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FUTURE LIGHT SOURCES

Working Group V: Photon Optics for Future Light Sources

Group Leader:

Objective:

Working Group
Activities:

Meeting Room: E1100/E1200 and B3100B
(see next page for details)

Dr. Andreas K. Freund

European Synchrotron Radiation Facility
B.P. 220

F-38043 Grenoble Cedex, France

Email: freund@esrf.fr

Telephone: +33 476 88 2040

Fax: +33 476 88 2542

The beams of fourth-generation light sources will raise new challenges for the
optical elements needed for the optimization of phase space parameters
according to the experimental requirements. The objectives of this working
group are:

1. to pinpoint the relevant problems,
2. to evaluate them,
3. to propose strategies to solve them.

The main optical elements are crystals, mirrors, gratings, multilayers and
combinations of them, e.g., multilayer gratings, Bragg-Fresnel optics. All
these devices have fundamental and technological performance limits in terms
of their quality without and with heat load. These must be discussed in the
light of the future extremely bright laser beams, both in the soft and in the
hard X-ray regime.

The following topics are proposed for discussion by the working group
members:

1. FEL beam interaction processes with materials constituting the beamline
elements (including slits and absorbers/attenuators).
2. Matters related to the preservation of emittance/coherence, e.g., optical
quality of surfaces:
s Overview of coherence preservation of present-day optics.
Needs for improvements of optical performances.
Ways to upgrade existing devices for use in FEL beams.
New concepts.

Working Group V



Working Group
Input/Output:

Schedule of
Presentations
to the Working
Group:

3. Matters related to the preservation of brilliance, e.g., radiation resistance,
heat load:
e Overview of brilliance preservation of present-day optics.
e Needs for optics that can withstand FEL beams.
e Ways to improve upon existing schemes and limits.
e New concepts.
4. Matters related to the time structure of FEL beams:
e Pulse length preservation of optics.
e Needs for optics to modify/control the time structure.
5. Possibilities to perform experiments on existing sources.

We will get input from experts in the field of synchrotron X-ray optics who
know the optics performance under the brightest presently available
conditions and from other experts in the laser area who have experience with
ultra-bright and ultra-short photon pulses. We will try to extrapolate from the
existing knowledge to predict the performance of the optics for soft and hard
X-ray FELs.

We will attempt to come up with an outline of R&D strategies to meet the
future photon optlcs needs for FEL-based experiments.

Tuesday , Apn€ 6 : Session 0. 15:00 - (2:00 , Group V .

Wednesday, April 7
Session 1: Joint Session of Working Groups I and V

Chairs: G. Materlik, A. Freund
Location: E1100 and E1200

10:30  Improving SASE Sources by Seeding L. H. Yu
11:00  Atomic Resolution Holography I. McNulty
11:30 _ Optics Needs for Future Light Sources _J. Arthur

(A summary and conclustons of the

Stanford 97 Meeting)
12:00 Lunch
13:00 Overview of the Present LCLS R. Tatchyn

X-ray Optics System
13:30 Optlcs Needs for the DESY Project H. Shulte-Schrepping

14:00  Multi-photon Methods B. Adams
14:30  Break
15:00  Outlook for Correlation Spectroscopy  S. Mochrie
15:30  Opportunities for Pump-Probe Methods D. Umstadter
16:00  Working Group Progress Reports

(plenary session in the Auditorium)

Working Group V



Information
and
Preparations
Requested of
Working Group
Members:

Information
Requested of
This Working
Group by
Other Working
Groups:

Thursday, April 8
Working Group V, Sessions 2 and 3

A = [una A
B. Hulh{lmam
Chair: A. Freund

s, ~ ~ pro
8:30 General participation with Working Group I sessions. P
Special topic groups to be organized, if needed.
12:00  Lunch

Session 2 - Chair: A. Macrander
Location: B3100B (alternate: LOM438)
13:00 Addressing the Optical Needs for Various Techniques
14:00 Break
Session 2 (continued) - Chairs: J. Arthur, R. Tatchyn
3 Location: B3100B (alternate: LOM438) L. 4!" ou pol
14#0 State-of-the-Art Optical Elements ¢ RE 0 f-op.qg A. treund
Session 3 - Chair: A. Freund H. Ho wells
Location: B3100B (alternate: LOM438) A.

15:00  Optics R&D (peamline-scenarios-reporwriting D.Hills
and future planning / (T K oy )

Group members making presentations are requested to bring color copies
and, if possible, electronic files of their presentation material for inclusion
in the workshop proceedings.

From Working Group I:

o Input on requirements for beamline optics to match the experimental needs
and on the physics of FEL light-matter interaction mechanisms

From Working Groups Il and I1I:
¢ Input on the beam properties
From Working Group VII (possibly):

¢ Input on testing and validating techniques

Working Group V
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Summary of design parameters for the three X- FEL's

Undulator 1 Undulator 2 Undulator 3
Period Length cm 5 7 7
Field Type Planar, Tapered | Planar, Tapered | Helical, Tapered
Nominal Design Gap mm 12 12 12
Peak Field T 0.887 0.85 0.785
I-Value 4.14 5.55 5.13
Energy Range GeV | 10 25 10 25 25 50
Radiative Wavelength nm | 0.625 0. 1.5 0.24 0.4 0.1
Min. Device Length m 33 95 35 87 45 95
External 8-function m 6 15 S 20 7.5 15
Peak Power GW 74 65 S5 35 280 230
RMS Beam Size pm 18 20 12
Flux of the XFEL-Undulators
1019 T 1 I'TH"[ Pl lll”l LI | ]llllll 7 [lll"l LR R 1027
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Average and peak flux for undulators 1,2, and 3 at the fundamental, second
and third harmonic, respectively. The average values refer to TESLA parameters, while
SBLC numbers are smaller by a factor of two.




R. Tatchyn; WG5; ICFA Future Light Source Workshop, 4/6-9/99, Argonne, Aprit 7, 1999

* LCLS source properties (preliminary studies)

Table 1. Optical and physical parameters of the LCLS. Undulator K=3.67. Ny=3300

periods. Undulator period Ay=3 cm.

Radiation wavelength  [A) 1.5 15
Norm. emitt. Y€ [mm-mrad] L5 2.0
Elcctron energy [GeV] 14.35 4.54
Peak current [A] 3400 3400
2 Bunch duration [fs. FWHM] 277 277
Peak spontancous power [GW] 81 4.9
Pcak cohercnt power* [GW] 9 11
Average coherent power** {W] 0.31 0.35
Energy/pulse [m]} 2.5 0.64
Coherent photons/pulse (x1012) 1.9 23
Approx. Bandwidth (BW) [%] 0.1 0.1
Peak brightness™** (x1032) 12 1.48
Peak degeneracy parameter [x109] 3.3 412
Average brightness*** (x102h 40 4.9
Transverse size [ftm, FWHMJ**** 78 93
Divergence angle {trad, FWHM]**** 1 8
Spontancous fundamental opening angle [prad, 49 155
FWHM]
Spontaneous fundamental transverse size {pum, 82 131
FWHM]
Peak Power Density [W/mm2]**** (x1012) 1.88 1.62
Peak Field [V/m]****(xl()m) 3.8 3.5
*Qutput fully transversely coherent; **at 120 Hz pulse rep rate; ***Pho{ons/s/mmzlmradzlﬂ. 1%BW;
*EkEAL undulator exit

e LCLS brightness & degeneracy parameter:

N[0,
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(2r)’ exsyt
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SLAC/DESY International Workshop
on
Interactions of Intense Sub-picosecond X-Rays with Matter

Stanford Linear Accelerator Center, Stanford, CA
January 23-24, 1997

Organization, Program, and Executive Summary
R. Tatchyn, G. Materlik, A. Freund, J. Arthur

SLAC-WP-12

Prepared for the Department of Energy
under contract number DE-AC03-76SF00515

STANFORD LINEAR ACCELERATOR CENTER
STANFORD SYNCHROTRON RADIATION LABORATORY

Stanford University ® Stanford, California



Primary conclusion of workshop:

Much is not known about the
interaction of an XFEL pulse with
matter

Theoretical work and numerical
simulation could help greatly in
this area



Second conclusion of workshop:

XFEL optics wili be different from
3rd-generation synchrotron optics

Development efforts should start
immediately on XFEL optics and
detectors !
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1,§4] FIELD EVAPORATION 9

TABLE 1.1

Evaporation fields calculated for some common ions by Southworth (1969, private
communication) using a method devised by Brandon (1966a)

Element Fu(V/A) Fa(V/A)  lon Element Fi(V/A) F:(V/A)  Ion
expected expected

Be 5.4 4.6 Be2+ Mo 6.5 4.0 Mo2+
B 6.4 79 B+ Ru 6.3 4.1 Ru2+
C 14.2 10.3 Cc2+ Rh 4.9 41 Rh2+
Mg 2.0 25 Mg* Pd 3.7 41  Pd*
Al 1.8 34 Al* Ag 2.3 4.4 Ag*
Si 4.5 3.3 Siz+ Cd 2.6 3.1 Cd+
Ca 1.6 1.6 Ca2+ Sn 2.6 2.3 Sn2+
Ti 3.9 2.5 Tiz+ La 3.1 19 La2+
\% 4.0 2.8 Vet Ta 9.6 49 Ta2+
Cr 2.9 3.0 Cr+ W 10.4 59 w2+
Mn 2.8 2.8 Mn2+ Re 8.2 43 Re2+
Fe 4.2 3.4 Fe2+ Os 10.8 4.4 Os2+
Co 4.3 3.7 Co2+ Ir 8.5 4.8 Ir2+
Ni 3.5 3.5 Niz+ Pt 6.1 44 P2+
Cu 3.1 43 Cu+ Au 4.3 50 Au*
Zn 2.9 3.5 Zn* Hg 2.9 3.7 Hg*
Ga 1.6 39 Gat T 1.1 3.6 TI+
Ge 3.5 2.9 Ge2+ Pb 2.0 2.3 Pb+
Zr 5.7 2.8 Zr2+ Bi (3.0) 2.6 Bi+
Nb 7.0 3.7 Nb2+ T

Fig. 1.7. Scanning electron micrograph of
a field-ion specimen of tungsten that has
fractured under the influence of the imaging
field.

okt b Gucsf, Pk Tar Flcrosagny
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SINGLE CRYSTAL PERFECTION
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Laser and Particle Beams (1994), vol. 12, no. 3, pp. 307T-511
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Subpicosecond X-ray diffraction
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SOME CRYSTAL PARAMETERS AT 8 KEV

Der v Que extiuchon  absopphon
Material dy =£1-l|un¥. roFare-M/vq w[;';j};h m@;&““" te ﬂ:ckkﬂf‘.a "
(hkD (A) (10-14 c¢m-2) (urad) (10°6) (Lm) (Lm)
Be (002) 1.7916 5.59 10.7 22.8 5.0 1200
Be (110) 1.1428 4.27 6.49 7.1 10.3 1874
C* (111) (hewmond] 2.0593 11.1 24.1 59.7 2.20 250
C* (220) 1.2611 9.55 14.9 19.3 4:16 408
Si (111 3.1354 10.82 34.3 135 1.48 §.7 wost
QUMM@HE{
Si (220) _1.%200 12.29 25.3 577 212 @ 142 aied
Ge (111) 3.2663 23.06 e 76.0 313 0.66 2.94  for L,
Ge (220) 2.0002 27.51 58.5 140 0.91 4.79 e€uerpel




TSOPHASES AND LIJOCHRONES

Possibiihes : ~ Tiue d:'.i‘,ﬁ!rﬁau

—_— Tu Coumnechou unth
~ | jme fOCM.rn'MJ

mT;me,- Eu eriy dt.ftm,ofﬂutl. ﬂF T OoLroe

~ Bunclh leugthening ~ Groclieut cmstals

~ Buuelh cowm P resfien

ry
"@0\{ )
A,
/)\ ' >/ N
AN “., ” T
AN
S x;\\x_ .\\ J‘" - ‘:Ejﬁﬁrﬂ ;i’.
N\
NN N\
\.H'\“\x_ - Tsodhro we.\ 4
N

Fro ua: X \
A. ""“”'ﬂ*“d_ g buuda leh hkt.mua oue. fo
SLAC Workshop (1193

_Pme..ﬂ'tghou dtpﬂa eFFec,f'- a':ffD




NEEDS EXPRESSED BY EXP. TECHNIQUES (<id. ]

e TOLUSING:
¢ Sub-wmicron foml spotf nee okol
Pwilb. wnha Qx:.!"\'us deueufs ( rouwe Hok:,
Wirkpaterick - Buet wiirrors ov wulﬁ'lo-qzri)
cbut further cecreate to 00 um needs REJD
- wavtsu'uo‘l.! (4-oiwomnsinal =2 L-diurensional |,
Waruaug: wairors —©  colurtue olzrrao(aﬁ'oo\f

* manbe rRuewable ophu Hf;uiﬂol. (H, AL ..)

. wmlkpb. element J%J"(M neoeed po vecordd ftl
iu{orwa'h'ou witiouf furw'uJ Jewple ju { shot.
~» RE& ) Pmied‘ requireol.

° DGTECTORS:
. vtry impo rtenmt ({aﬂ- wunlheleuwat APAc for
cxampla )
—> workiuj yroup Should e formed ar foom
af possidla .

 OTHER §uB)ECTS 70 BE ADDRESSEN:
.« stalility - slit sysheunt
. alismwuvd' ' efe.
. aHeuuntors . efc.




Paper Presented at the 1997 SPIE Annual Meeting, August 1, 1997, San Diego, CA; ms. #3154~
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+ schematized LCLS X-Ray Optical system
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Figure 4.1.4.1. Schematized gas (left) and liquid (right) nozzle
configurations for the LCLS absorption cell.

Table 4.1.4.1. Absorption cell valve and vacuum parameters. Valve
orifice width 250 um; tg=1cm,; gas jet height 1 mm.

Valve Rep Rate [Hz] 120 12
Valve Pressure [Torr] 7500 7500
Particles/Puff 6.65x1017 6.65x1017
Chamber Pump Capacity [1I/s] 1800 1800
Gas Load Q [Torr-/s] 2.25 0.225
Average Pressure [Torr] 1.25x10-3 1.25x10-4

Absolute Attenuation

Weak-Field Attenuation Curves for Xenon vs. (Pressure x Distance)
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Figure 4.1.4.2. Weak-field
attenuation curves for xenon.

Weak-Field Attenuation Curves for Liquid Gallium vs. Distance
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Figure 4.1.4.3. Weak-field
attenuation curves for gallium.



